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Abstract
Nature offers many interesting adhesion mechanisms where attachment forces can be generated in a binary on/off state. Some
biological systems (e.g. octopus, sea urchins, starfishes, etc.) take benefit from amazing features that endow movement in different
terrains, concurrently to reliable and energetically advantageous attachment and detachment strategies. From an engineering point
of view, the study of efficient attachment and detachment mechanisms is extremely interesting and deserves attention for the
development of new artificial strategies in robotics.
This work describes an adhesion solution inspired by the octopus suckers, starting by a deep investigation of the biological
features that allow octopus to perform a variety of complex movements [1]. The final goal is to identify specifications and physical
principles useful to conceive innovative bio-inspired adhesion mechanisms [2]. With this approach in mind, we propose a study to
fully understand the adhesion natural phenomenon in octopus, which is still not completely clear.
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1. Introduction
This study aims at investigating the natural adhesion strategy in order to extract new design criteria for innovative
bio-inspired adhesion devices. In particular, we identified octopus suckers as a key biological model because of their
flexibility, dexterity, and capability to generate large forces on different substrates. Octopus arms, in fact, can perform
a variety of complex movements and these capabilities are increased by suckers which act in distinct ways and perform
a remarkable variety of functions [1].
2. Results
2.1. Morphological Investigation
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conference organizers and published by Elsevier B.V. Open access under CC BY-NC-ND license.Different techniques, namely imaging by magnetic resonance (see Fig. 1a), ecography (see Fig. 1b), histology (see
Fig. 1c) and CryoSEM (see Fig. 1d), were employed in order to investigate the sucker structure and sub-structure,
which develop on different scale.
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[ig. 1. (a) Magnetic resonance image of octopus arm with one sucker, the scale bar equals 1 cm; (b) ultrasound image of a sucker, the scale bar
quals 0.5 cm; (c) histological image of octopus arm with one sucker, the scale bar equals 0.5 cm; (d) detail of denticle located in the infundibular
ortion, the scale bar equals 2m; (e) 3D reconstruction from full set of 70 magnetic resonance images with 1 millimetre thickness.
The approach of using different techniques can help to balance the information potentially lost during an invasive
nalysis. The gathered anatomical information were used as input data for modeling (3D geometry reconstruction, and
uction mechanism modeling) the octopus sucker and as preliminary specifications for designing the artificial suction
echanism.
.2. 3D Reconstruction
3D reconstructions were realized by using histological and magnetic resonance images by means of the AMIRA
oftware (Visage Imaging Inc.) (see Fig. 1e). A 3D model provides a CAD model, which intrinsically respects the
roportion among sucker elements and that can be used both to generate a surface mesh for numerical processing and
s reference model for the fabrication phase.
. Conclusions
This study investigates the strategic approach applied by octopus suckers to accomplish adhesion for extended
eriods of time, with a negligible energetic effort. A deep analysis of the octopus sucker structure can help extracting the
ey features at the basis of the adhesion and detachment mechanisms and translating them in engineering specifications
or designing innovative artificial suction devices.
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